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Supplementary Methods (a) Behavioral protocol and fMRI analysis of Item recognition task
The Item recognition task was scanned on alternating blocks with the Source task within the same scanning runs in counterbalanced order. During each item block, participants were cued with the word "Old" for four seconds followed by a 12 s baseline before presentation of the retrieval targets. Each retrieval target was displayed for 2 s followed by a variable intertrial interval (ITI; mean=2 s). Participants decided whether each presented word had been seen previously during encoding, indicating yes or no with a button press response. Across the 10 blocks of the Item task, 80 words previously seen at encoding were pseudorandomly mixed with 40 new words that were not seen at encoding. Each Item block included 6 trials. Memory Strength conditions, defined in the same way as in the Source task (see Methods), were blocked and divided evenly such that there were 5 Item recognition blocks for each Strength condition. The Item task was analyzed in the same GLM as that used for the Source task. Specific regressors were generated for Strong, Weak Hits, and correctly rejected New items. Errors (False alarms and Misses) were modeled in a single nuisance regressor. Other details of the fMRI procedures and analysis are identical to that described for the Source task (see Methods).
(b) Description of Sensorimotor Task
In the unanalyzed sensorimotor task, participants were instructed to respond by button press with the direction indicated by a visually presented arrow. The task was blocked (Block=5 trials), and two blocks of this task were included in every run. At the start of the sensorimotor block, an instruction screen displayed the words "Which way does the arrow point?" for four seconds. The instruction screen was followed by an ITI (mode 2 s) during which a fixation cross was displayed, after which an arrow was displayed in the center of the screen pointing to either the left or right side of the display screen for two seconds. Participants were to press the key corresponding to the index finger on the response box if the arrow pointed to the left side of the screen, or the key corresponding to the middle finger if the arrow pointed to display right.
Supplementary Results (c) Item Recognition Behavior
Descriptive statistics from the Item task are summarized in Table S1 below. Weak Items were recognized more slowly than Strong Items (t(18) = 5.1, p < 0.001) and with lower accuracy (i.e., Hit rate) (t(18) = 9.1, p < 0.001) during Item recognition. Additionally, Strong Items were recognized more quickly (t(18) = 4.7, p < 0.001) and marginally more accurately than New Items (t(18) = 1.8, p = 0.09). There was no difference in response times between Weak and New Items (p > 0.05). Correct rejection of New Items however, was more accurate (t(18) = 5.7, p < 0.001). As with the Source task, we found no evidence of a criterion shift in the item task, based on the difference in FA rates between New items encountered during Weak versus Strong blocks (t(18) = 1.03, p = 0.32).
(d) FMRI Effects of Retrieval Task
Contrasted against baseline, both Item and Source retrieval tasks elicited broad activation along both the ventral pathway and regions of the dorsal fronto-parietal control system ( Figure S2 ). We next contrasted Source Congruent Hits with Item Hits as an index of source recollection in the current task design (p<0.001 uncorrected). This produced left-lateralized activation in aPFC (-18 54 -3), VLPFC (pars triangularis, -42 30 26), caudal DLPFC (-27 3 69), precuneus (-6 72 43) and angular gyrus (-42 -57 56) , as well as right occipital cortex (24 -81 -3) . ROI analysis confirmed these effects in mid-VLPFC (t(18) = 2.5, p < .05), DLPFC (t(18) = 4.1, p < .05), and IPS3 (t(18) = 3.6, p < .05). We did not find reliable Source-Item differences in the ventral path ROIs (aVLPFC: t(18)=1.7, p=0.10; aTC: t(18) =1.6, p=0.13; aPHG: t(18)=1.3, p=0.20; HPC: t(18)=1.3, p=0.22) . The activation in mid-VLPFC and the regions of dorsal PFC and parietal cortex is consistent with the hypothesis that successful source retrieval requires monitoring and selecting retrieved information that is relevant for the current decision. However, the failure to locate differences along the ventral pathway is somewhat surprising, as we might have also expected controlled retrieval to be differentially required for the Source than the Item task, particularly to the extent that initial attempts to recollect fail to recover diagnostic details. Moreover, previous investigations have observed activation in ventral path regions, like aVLPFC, in contrasts of successful source recollection versus item recognition (Spaniol et al., 2009) . Nevertheless, in the present experiment, we do not find evidence that the ventral pathway is specific to Source retrieval or recollection, per se. Rather it seems to be most active when task relevant information, be it recollection or familiarity based, does not come to mind automatically. In support of this, an analysis of Source > New timecourses by strength along the ventral path (as also noted in the main text) found reliable differences, when comparing Weak Source to New in aVLPFC (t(18)=2.6, p<0.05); aTC (t(18)=3.0, p<0.05, and aPHG (t(18)=3.3, p<0.05). HPC was only marginal (t(18)=1.7, p=0.1). A reliable difference was only observed in aPHG when Strong Source and New were compared (aPHG: t(18)=2.2, p<.05; all other ROIs: t<0.8, p>0.41). Thus, in this study, our ventral path ROIs are more sensitive to memory Strength rather than source retrieval demands alone. It is possible that we might not have replicated the Source > Item distinction typically observed (Spaniol et al., 2009 ) because the Source manipulations used elsewhere might incur a level of controlled retrieval demand that is similar to our Weak Source condition. This is consistent with the reliable Weak Source > New Item difference observed in the ventral path ROIs, but the null effects observed in Strong Source > New.
(e) Strength Effects in the Item Task
In the Item task, there was a reliable effect of Weak versus Strong in aVLPFC (t(18) = 2.1, p = 0.05). In the other regions along the ventral path a similar pattern of Weak greater than Strong activation did not reach significance (ts < 1.89, ps > 0.07). A task by effect interaction was not reliable (F(1,18)=0.88, p=0.36).
A control comparison of Weak-New versus Strong-New in aVLPFC did not reveal reliable differences (t(18)=0.26, p=0.79). Thus, as in the Source task, the effect of Strength during the Item task in aVLPFC could not be attributed to set level or sustained signal effects induced by the blocking of Strength (see Supplement Figure ( 
The effect of Strength in aVLPFC is further evidence for a controlled retrieval function for this region, though in this task it is not possible to separate this effects from other decisionlevel processes that would track the challenges associated with weak evidence (including response selection). The null effects along the remainder of the ventral pathway in the Item task may reflect the fact that Item decisions have diminished need for controlled retrieval, as any evidence that an item is old is sufficient for a response. Hence, we would be cautious about overinterpreting this apparent null result, particularly as the basic pattern of response is consistent with the controlled retrieval pattern.
(f) Univariate Effects in Caudal MTG (cMTG)
Notably, cMTG was a site of prominent convergence in the 4-way conjunction (Main text, Fig. 6 , light red). The appearance of cMTG in these maps is notable, as activation in this region is often observed during semantic retrieval (Wagner et al., 2001; Badre et al., 2005; Badre and Wagner, 2007; Gold et al., 2006) . Thus, we further investigated the univariate effects in cMTG. A spherical ROI in cMTG centered upon the peak coordinate of the cMTG cluster identified in the functional connectivity conjunction analysis of the ventral path was used in this analysis. However, a post hoc ROI analysis of task-related activation in this region did not uncover reliable effects of Strength, Congruency, or the interaction of the two (all ps > 0.15).
(g) Brain-behavior analysis of memory strength effects
Relating the univariate activation and functional connectivity results to individual differences in behavior can provide additional evidence for the association of the ventral path with controlled retrieval. To this end, we a performed a series of brain-behavior analyses to complement the basic univariate and multivariate tests in the main text. Overall, these analyses have provided evidence that individual differences in the behavioral effects of associative strength are related to differences in neural measures along the ventral pathway.
First, we median split participants based on the effect of associative strength on their source task accuracy (i.e., the difference in their accuracy between Weak and Strong conditions). Then, we tested for differences in the magnitude of the univariate associative strength effects between these groups. This analysis revealed a marginally reliable median split difference in the Weak versus Strong amplitude effect in aVLPFC (t(17) = 2.05, p = .057), and a trend in the overall ventral path (t(17) = 1.98, p = .065). Specifically, the half of participants with the smallest difference in accuracy between the Weak and Strong conditions showed the largest difference in activation between Weak and Strong conditions, suggesting that greater engagement of ventral path regions helped these participants overcome the effects of memory strength. We did not locate evidence of a relationship between the median split difference in percent correct and composite connectivity measures (as described below) along the ventral pathway (p's > .3).
We next performed an analogous median split analysis using the difference in RT between Weak and Strong conditions. With regard to the univariate amplitude effects, this analysis yielded a marginal difference in the Weak versus Strong activation in aVLPFC (t(17)=2.0, p = .07) and the full ventral pathway (t(17) = 1.6, p = .13). Though only a trend with RT, this analysis was consistent with the accuracy analysis in that participants showing the smallest difference in Weak versus Strong RT showed the greatest univariate activation.
There was a significant effect of the RT median split on aVLPFC connectivity along the ventral path. Using the four a priori ventral path ROIs, there are six point-to-point correlations along the ventral path for each participant. Thus, in order to estimate individual differences in connectivity throughout this pathway during the Weak condition, we generated a composite measure of individual differences in ventral path connectivity using principal component analysis (PCA). We entered all six point-to-point correlation estimates as inputs to the analysis and extracted two factors that cumulatively accounted for over half (65%) of the individual subject variance in connectivity (36.6% and 28.3%, respectively; all other factor Eigenvalues < .67). The first factor loaded positively on all six of the point-to-point correlations among the four ventral path nodes (see Table S2 ). The second factor positively loaded only on the point-to-point connectivity between aVLPFC and the three posterior ventral path nodes (but negatively on the three point-topoint connectivity estimates among these three posterior nodes; see Table S2 ). Thus, we characterize this second factor as primarily related to the connectivity of aVLPFC with the rest of the ventral pathway. We extracted factor scores for both factors for each participant and then tested these two meta-variables in our median split analysis. Of these two factors, the second factor (the aVLPFC connectivity factor) showed a reliable median split difference (t(16) = 2.6, p < .05). Specifically, those participants with the largest RT difference between Weak and Strong, showed the highest connectivity between aVLPFC and the rest of the ventral pathway. It is, perhaps, notable that the direction of this effect is the opposite of that observed for the amplitude median split effects described above. In other words, connectivity appeared to increase in opposition to the efficiency of retrieval (i.e., those who took longer for Weak relative to Strong associative strength conditions showed greater connectivity). By contrast, the amplitude response appeared to track successful control (i.e., those participants showing the greatest activation were those who minimized the Weak versus Strong difference in performance).
Regardless of the direction of the relationship, it is clear that measures of activation and connectivity along the ventral path relate to individual differences in the behavioral effects related to memory strength.
Supplementary Discussion
(h) Rationale for assuming a drive to respond "Yes" to Old items during Source Exclusion
The logic of the present design assumes that any evidence of oldness, whether as a function of item familiarity or recollection, will drive a tendency to respond "yes" on the task. There could be at least four mutually compatible reasons for this tendency in the present experiment.
First, the inclusion of the item recognition test could link oldness with a "yes" response in a large proportion of trials, thereby introducing a response bias that drives one to endorse old items.
Second, within the exclusion task, oldness is evidence that increases the probability that one should respond "yes" over the prior probability that one should respond "yes". One way to express this is in terms of Bayes rule. Formally, we are considering the posterior probability that one should respond "yes" given that an item is old, p("yes"|O). As Congruent and Incongruent are both old, then p("yes"|O)=.5. The prior probability that one should respond "yes" to an item encountered at test, p("yes"), is .4 (80 Congruent items out of 200 total items [80 Congruent + 80 Incongruent + 40 New]). In other words, when an item is old, there is an increase in the posterior odds over the prior that one should respond "yes". Hence, knowing an item is old is evidence for a "yes" response.
A third possibility is that oldness is evidence that increases our belief that an item came from the target source task. Similar to the Bayesian analysis described above, the probability than an item came from the target source task given that it is old, p(S|O), increases to .5 from a prior probability of .4 that any item encountered at test came from the target source task. Of course, this third alternative requires an orientation toward the target source task in the decision; in other words the decision is between whether the item was in the target source task or not; as opposed to choosing between the target or non-target source task -in which case oldness is equivalent evidence over the prior for both choices. The instruction given to participants (decide if each item was encountered during the source task or not) makes this a reasonable assumption.
A final related possibility is that participants take oldness as evidence that the item was encountered in the target source task because of the well-known tendency of people to neglect alternatives. Specifically, because people are testing the hypothesis that the item came from the target source task, evidence consistent with an item having been encountered during the target source task (i.e., that an item is old) increases their belief that they encountered that item in the target source task, even though it also provides equivalent evidence for an alternative hypothesis (namely that it was encountered during the non-target source task). The observation that people neglect relevant alternatives during judgment and decision making has been well documented (e.g., Kahneman, Slovic, and Tversky, 1982; Klayman and Ha, 1987; Fernbach et al., 2013) . From this last perspective, the tendency to respond yes to an old item is not because of the presence of an item memory test (alternative # 1) or the presence of new items (alternatives #2-3), but rather because of the orientation of the decision toward testing the hypothesis that the item came from the target source task and so the neglect of alternative hypotheses.
(i) Account of the pattern of data in the dorsal pathway regions
The response selection hypothesis is supported by the Strength by Congruency interaction that was observed in behavior and in the activation of dorsal pathway regions. However, the pattern of data exhibited by the dorsal pathways was not fully consistent with what would be predicted by the response selection hypothesis. Specifically, we would predict that Incongruent Strong would elicit greater activation than Congruent Strong. This was the case behaviorally, but it was not evident in the dorsal path activation. Within the individual dorsal path regions (see Figure  S3 ), only mid-VLPFC showed the expected pattern of Strong Incongruent > Strong Congruent quantitatively, though this difference was not reliable (one-tailed p = .2). The other dorsal path ROIs not only did not show the predicted pattern, but showed a quantitative (albeit nonsignificant) trend in the opposite direction.
This was an unanticipated and null result, and so we caution that any account we provide will be necessarily post-hoc. Nevertheless, we provide two potential account of this pattern that are supported by the median split analysis reported in the main text.
First, it is conceivable that regions along the dorsal path are affected by more than just response selection. More specifically, the observed pattern reflects the conflation of the predicted response selection interaction with another main effect of Congruency, due to an independent demand. For example, participants might subjectively value "yes" responses because these satisfy the goal of the task (i.e., goal attainment). Hence, to the degree that the dorsal path is sensitive to goal attainment (e.g., Han and Dobbins, 2010) , these regions might have greater overall activation to positive responses (responding "yes") along with their sensitivity to response selection. From this perspective, our result reflects the addition of a response selection effect (the cross-over interaction) along with a main effect of responding "yes" (Congruent trials) over responding "no" (Incongruent).
A second related account is that this pattern arises because of a "mixing-in" of items that are remembered and rejected along with items that are not remembered but also rejected on Incongruent trials. To elaborate, it is conceivable that trials gaining a "yes" response (Congruent trials) are purer in a retrieval sense than those with a "no" response (Incongruent trials), given that "no" responses could arise from remembered but rejected old items (overcoming a response tendency to do so), as well as forgotten old items. This would be the case even for Strong trials (e.g., participants missed 11% of Strong items on average in the Item recognition test; see Table  S1 ). Thus, it is possible that the mixing of items that were not remembered with those that were moderated the response competition effects for these Strong Incongruent cells. From this perspective, the reason that some measures exhibit the appropriate quantitative pattern (e.g., the behavior and activation in mid-VLPFC), and others do not (e.g., activation in the dorsal path ROIs other than mid-VLPFC), is due to the sensitivity of each region to the inclusion of nonremembered trials differentially across conditions. Initially consistent with this intuition, it can be observed in Figure S3 that, among the four dorsal path ROIs, mid-VLPFC shows the smallest difference between New (when nothing is remembered) and Strong Incongruent trials, and indeed this is the one ROI to show even a quantitative effect of Strong Incongruent > Strong Congruent.
To show that mixing could plausibly account for the pattern of data, we estimated the activation in the dorsal path regions arising from the portion of Strong Incongruent trials when participants recognized the item as old. To do this, we assumed that activation on Strong Incongruent trials reflects a binary mixture distribution, g (x) , that reflects activation on some proportion of trials coming from a forgotten Strong item distribution, f1(x), combined with activation on some proportion of trials coming from a remembered Strong item distribution, f2(x). The proportion of trials from each distribution is assigned via a mixing probability, α. The equation relating these distributions is as follows:
where 0 ≤ α ≤ 1. Under certain assumptions, (see Yantis et al., 1991) , the mean of the mixture distribution, µ x , can be derived from equation 1 as:
where µ x is the mean measured activation for Strong Incongruent trials (µ SI ), µ f1 is the mean activation on Strong trials when participants did not remember the item, and µ f2 is the mean activation we are interested in, namely when participants remembered the item but had to overcome a response tendency. It seems reasonable to assume that when participants do not recognize a Strong item, they treat that item similarly to New items that they correctly reject during the Source task. Thus, we can assume that µ f1 is approximately µ New , which is the mean New trial activation during the Source task. We can also assume that participants fail to recognize Strong items during the Source task about as often as they failed to recognize these items during the Item recognition task. So, we estimate α = Strong Item Miss Rate (Miss Strong_Item ). These assumptions give us the following adaptation of equation 2.
µ SI = Miss Strong_Item * µ New + (1 -Miss Strong_Item )µ f2
Under these assumptions, we can then simply solve algebraically for µ f2 for each participant. As can be seen in Figure S4, Figure S1 . ROI timecourses from Strong-New and Weak-New Figure S1 . Plots depict percent signal change timecourses for ventral path ROIs. Plots from (a) aVLPFC, (b) aTC, (c) aPHG, and (d) HPC demonstrate that there were no systematic differences between memory Strength conditions or the memory tasks due to blocking of these variables.
(o) Figure S2 . Whole brain maps of Source and Item versus Fix (p < .001, uncorrected) Figure S2. Whole brain BOLD activation patterns associated with Item and Source retrieval. Contrasted against baseline, both Item and Source retrieval tasks elicited broad activation along both the ventral pathway and regions of the dorsal fronto-parietal control system. (q) Figure S4 . Dorsal path IPSC following mixture distribution estimation Figure S4 . Plot depicts integrated percent signal change (IPSC) from the dorsal pathway across conditions of the source memory task, after adjustment of the Weak and Strong Incongruent conditions based on a mixture-distribution correction. Plots demonstrate how the pattern of Strong Incongruent relative to Strong Congruent conforms to expectations when estimated signal due to forgotten items is removed from the Incongruent cell. Error bars plot within-subject standard error of the mean.
(r) Figure S5 . Renderings of ROIs on slices
